A resin-phase extraction method has been optimized for the trace determination of tin(II) by ETAAS. Tin(II) was extracted on a finely divided anion exchange resin as the complex with ammonium pyrrolidinedithiocarbamate (APDC). The resin was collected on a membrane filter and then dispersed in 1.00 ml of 1 mol l −1 nitric acid containing 100 μg of Pd(II) and 60 μg of Ni(II). The resulting resin suspension was subjected to GFAAS. The proposed method was applied to the determination of tin(II) in hydrochloric acid.
Introduction
Electrothermal atomic absorption spectrometry (ETAAS) is one of the most sensitive techniques available, however, the separation and preconcentration of the desired trace element from the matrix components are still required to enhance the selectivity and the sensitivity of the method. Solid analysis by ETAAS, in which a solid sample is placed directly in a furnace or a sample prepared as a slurry or a suspension is injected to a furnace, has been widely used, as summarized in the monograph 1 and the reviews. 2, 3 The methods have substantially been applied for the determination of trace elements in solid samples, such as soil, sediment and sludge, however, they have also been applied to water samples after preconcentration of the desired trace element in the precipitate 4, 5 or on fine particles such as chelating resins, [6] [7] [8] activated carbon, 9,10 ion-exchange resins, [11] [12] [13] [14] [15] and cobalt(III) oxide. 16, 17 So far, a solid sampling procedure was applied to the determination of tin in natural water, 5 in which the tin was preconcentrated by coprecipitation with a Ni-APDC complex and a part of the precipitate was packed in a miniature cup for ETAAS analysis.
One of the advantages of slurry or suspension sampling over solid sampling is that the conventional atomizer and injection systems used for liquid samples can be employed. The aim of this paper is to afford a simple suspension sampling technique for the determination of inorganic tin.
Experimental

Reagents and chemicals
All reagents used were of analytical grade. Water was purified using an Auto Pure WQ500 (Yamato, Tokyo) equipped with a Q-PAK cartridge (Millipore, MA, USA). A 30 mmol l −1 APDC solution was prepared by dissolving a reagent of special grade for AAS (Wako Pure Chemical, Tokyo) in water. This solution was prepared freshly every week. Hydrochloric acid of super special grade (Wako Pure Chemical) was purified by isothermal distillation at room temperature. 18 Nitric acid of ultrapur-100 quality (Kanto Chemical, Tokyo) was used as received. A stock standard solution of tin (1000 μg Sn ml −1 ) was prepared by dissolving tin(II) chloride (99.9%, Wako Pure Chemical) in 3 mol l −1 HCl. Working standard solutions were obtained by appropriate dilution of the stock solution with 1 mol l −1 HCl. Palladium stock solution (1000 μg Pd ml −1 in 3 mol l −1 HNO3) was prepared by dissolving the palladium(II) nitrate (99.9%, Wako Pure Chemical) in HNO3 while warming, and diluting the resulting solution with water. Nickel stock solution (1000 μg Ni ml −1 ) was prepared by dissolving nickel nitrate hexahydrate (Wako Pure Chemical) in 1 mol l −1 HNO3. A chemical modifier solution containing 100 μg Pd(II) and 60 μg Ni(II) in 1 ml of 1 mol l −1 HNO3 was prepared. A washing solution containing 0.2% of ascorbic acid, 0.06 mol l −1 of APDC and 0.06 mol l −1 of sodium perchlorate was prepared. An anion exchange resin suspension (ARS) was prepared from a Diaion PA316 (Mitsubishi Kagaku, Tokyo, Japan) according to the reported method. 13 The exchange capacity of the resin suspension was 10.2 μeq ml −1 .
Apparatus
A Hitachi Zeeman-effect GFAAS (Model Z-8270) equipped with an auto-sampler (Model SSC-300) was used for measuring the atomic absorption of tin with the atomic line of 286.3 nm, a spectral band width of 1.3 nm, and a lamp current of 12.5 mA. Twenty microliter portions of a suspension sample were automatically injected into the furnace, and the peak heights were used for measurements. The drying, ashing and atomizing conditions were as follows: drying, 140˚C, ramp 50 s, hold 15 s; ashing, 700˚C, ramp 30 s; atomizing, 2600˚C, 5 s; cleaning, 2800˚C, 4 s. The flow rate of argon purge gas was 200 ml min −1 ; the flow was interrupted during the atomization step. A Toyo KG-25 filter holder (Advantec, Tokyo) was used with a membrane filter of mixed cellulose nitrate (0.65 μm pore size, 25 mm in diameter) for the collection of the resin particles by
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General procedure
A 50-ml aliquot of the solution containing less than 50.0 ng of tin and 0.5 mol l −1 sodium chloride was placed in a 150-ml polypropylene beaker. A 1-ml portion of a 10% ascorbic acid solution was added and the whole was stirred for 1 min. The solution pH was adjusted to ca. 1 with the addition of hydrochloric acid and then 0.1 ml of 30 mmol l −1 APDC solution, 1.0 ml of ARS and 1.0 ml of 3 mol l −1 sodium perchlorate were added successively. The resulting solution was stirred for 10 min; then the resin particles were collected on a membrane filter by filtration under suction. A 5-ml portion of a washing solution was then passed twice through the resin thin layer on a membrane filter under suction. The resin was thus collected as a disk of approximately 17 mm diameter and 0.03 mm thick. The membrane filter holding the resin thin layer was detached from the filter base while the suction was continued and placed in a 10-ml beaker; then a 1.00-ml portion of 1 mol l −1 nitric acid containing 100 μg of Pd(II) and 60 μg of Ni(II) was added. The beaker was sealed with a piece of NOVIX-II film (Asahi Techno Glass Co.) and subjected to ultrasonic irradiation for 60 s. The resulting resin suspension was placed in a cup for the autosampler and the cup was sealed with a NOVIX-II film. The mixture in the cup was shaken by hand just before automatic sampling and a 20-μl portion of the suspension was injected to a graphite atomizer.
Determination of tin in hydrochloric acid
The appropriate amounts of commercially available 35% hydrochloric acid in the range 0.5 -10.5 ml were taken directly from a fresh bottle and diluted to 50 ml with water. The acid concentrations in the resulting solution were in the range 0.1 -2 mol l −1 . The determination of tin in the acid sample solution was made according to the general procedure with the addition of 0.1 ml of 30 mmol l −1 APDC solution, 1.0 ml of ARS and 1.0 ml of 3 mol l −1 sodium perchlorate; the addition of sodium chloride solution and washing the resin thin layer were omitted for simplicity.
Results and Discussion
Effect of modifiers on the determination of tin
Palladium has been recognized as a useful matrix modifier and widely used for a large number of elements. 19, 20 The effect of palladium as the matrix modifier for the determination of tin by ETAAS was found to be due to the formation of Pd3Sn2 during ashing stage. 21, 22 Nickel was also reported as a suitable matrix modifier for tin. 20, 23 Consequently, the effects of palladium and nickel were examined according to the general procedure for various amounts of Pd(II) or Ni(II) added to 1 ml of 1 mol l −1 nitric acid. The absorbance due to tin was increased with increasing added amounts of palladium as shown by curve A in Fig. 1 , while the absorbance was almost independent of the amount of nickel, as shown by curve B in Fig. 1 . Therefore, preliminary experiments were carried out using palladium as a matrix modifier. However, in the course of the study on the effect of foreign ions on the determination of tin, a negative error was found in the presence of molybdenum(VI). The error due to molybdenum(VI) could be eliminated by the combined use of palladium and nickel as the matrix modifier. The curves C and D in Fig. 1 show the effect of palladium in the presence of 60 μg of Ni. The negative error due to molybdenum(VI) was also observed when Ni was used as a matrix modifier (the vertical axis). However, the absorbance increased along with the increasing amount of palladium, and curves C and D began to coincide with each other in the range of 100 to 200 μg of palladium. As a result, although the effect of palladium was decreased in the presence of nickel, as shown by curves A and C, the combined use of palladium in the range of 100 to 200 μg and nickel in the range of 40 to 80 μg was effective to eliminate the negative effect due to molybdenum(VI); hence a 1 mol l −1 nitric acid solution containing 100 μg of palladium and 60 μg of nickel was selected as the matrix modifier for the determination of tin.
The effects of ashing and of atomizing temperature were also examined. The absorbance of tin(II)-APDC complex was found to be almost constant at the ashing temperature in the range of 400 to 1000˚C and the atomization temperature in the range of 2300 to 2800˚C.
Effect of pH on the extraction of tin(II)
The effects of pH on the resin phase extraction of tin(II)-APDC complex are shown in Fig. 2 . The solution pH was adjusted using hydrochloric acid, monochloroacetic acid, acetic acid, and sodium acetate in the pH range 1 -8. The pH of the filtrate after the resin-phase extraction was measured with a pH meter. With increasing the pH value above 4, the extraction of Sn(II)-APDC complex was sharply suppressed, as shown in Fig. 2 , probably due to the formation of tin(II) hydroxide.
Effect of sodium chloride
The influence of the amount of sodium chloride on the absorbance of tin was examined. The absorbance due to tin-APDC complex showed a constant value in the range 0.2 -1.0 mol l −1 studied. Fundamental conditions were examined in the presence of 0.5 mol l −1 sodium chloride by considering the future application of the method to the determination of tin(II) in seawater samples.
Effect of anions
The effects of fluoride, phosphate, and sulfate were examined by considering the amounts of these anions in seawater. At least, 2 ppm of fluoride and 0.2 ppm of P (added as NaH2PO4) did not interfere with the determination of tin, while sulfate gave serious negative error, as shown in Fig. 3 . The relative absorbance was reduced to ca. 60% in the presence of sulfate at 3 g l −1 . This depletion was considered to be due to the formation and pre-volatilization of SnS. 24 The interference from sulfate was successfully eliminated by filtration of the washing solution through the membrane filter holding resin thin layer as stated in the general procedure.
Effect of cations
Foreign cations which give the relative error of within 5% for the determination of 40 ng of tin included: 50 μg of Al(III), Ba(II), Cd(II), Cr(III), Fe(III), Mn(II), Pd(II), Ti(IV), Tl(III), V(V), W(VI), Y(III), and Zr(IV); 25 μg of Cr(VI), Cu(II), Ga(III), Ge(IV), In(III), and Ni(II); 15 μg of Co(II); 10 μg of Mo(VI); 5 μg of Bi(III); 3 μg of Sb(III); 1 μg of As(III); 0.3 μg of Se(IV). The addition of ascorbic acid as in the general procedure was effective to eliminate the interference from Fe(III) and Cr(VI).
Calibration graph
The regression line of a typical calibration graph prepared according to the general procedure was y = 5.55 × 10 −3
x + 1.12 × 10 −2 with the regression coefficient of 0.9998, where y is the absorbance of tin and x is the amount of tin up to 40 ng. The detection limit of tin, based on three times the standard deviation of the blank, was 0.86 ng, namely 0.017 ng ml −1 in a 50-ml sample aliquot. It was confirmed that tin(II) and tin(IV) resulted in the same calibration graph. Therefore, the total of inorganic tin is determined in the present method.
Determination of tin in hydrochloric acid
In the course of a study on the effect of hydrochloric acid on the resin phase extraction of tin as the APDC complex, the blank signal was found to increase with increasing amount of hydrochloric acid used, as shown by C, D and E in Fig. 4 . Thus, it was postulated that trace amounts of tin might be contained in the hydrochloric acid.
The purification of hydrochloric acid was made by the isothermal distillation method 18 as follows. A beaker (beaker A) containing ca. 500 g of 35% hydrochloric acid and another beaker (beaker B) containing 50 ml of water were both placed in a desiccator. The desiccator was kept airtight and left standing for 3 days. A purified hydrochloric acid of ca. 10 mol l −1 was thus obtained in beaker B.
The blank value was successfully eliminated, as shown in curve B in Fig. 4 . Therefore, when a large amount of hydrochloric acid will be used in sample preparation for the determination of tin, it is recommended to purify the acid just before its use.
Tin(II) was effectively extracted as the APDC complex onto the resin phase from at least 2 mol l −1 of hydrochloric acid, as shown in curve A in Fig. 4 , which was expected from the results of solvent extaction. 25 The results of the determination of tin in hydrochloric acid obtained from different companies are summarized in Table 1 . Heretofore, tin in hydrochloric acid was determined by ICP-MS after preconcentration of several hundred milliliters of acid by evaporation, 26 or using a dynamic reaction cell. 27 The detection limits were several pg g −1 , and 48.9 pg g −1
, respectively. In the present work, the detection limit of 0.086 ng ml −1 for 10 ml of hydrochloric acid was attained by resin-suspension ETAAS.
